Background-The determinants of prognosis in patients with heart failure and preserved ejection fraction (HF-PEF) are poorly documented. Methods and Results-We evaluated data from 4128 patients in the I-PRESERVE trial (Irbesartan in Heart Failure with Preserved Ejection Fraction Study). Multivariable Cox regression models were developed using 58 baseline demographic, clinical, and biological variables to model the primary outcome of all-cause mortality or cardiovascular hospitalization (1505 events), all-cause mortality (881 events), and HF death or hospitalization (716 events). Log N-terminal pro-B-type natriuretic peptide, age, diabetes mellitus, and previous hospitalization for HF were the most powerful factors associated with the primary outcome and with the HF composite. For all-cause mortality, log N-terminal pro-B-type natriuretic peptide, age, diabetes mellitus, and left ventricular EF were the strongest independent factors. Other independent factors associated with poor outcome included quality of life, a history of chronic obstructive lung disease, log neutrophil count, heart rate, and estimated glomerular filtration rate. The models accurately stratified the actual 3-year rate of outcomes from 8.1% to 59.9% (primary outcome) 2.7% to 36.5% (all-cause mortality), and 2.1% to 38.9% (HF composite) for the lowest to highest septiles of predicted risks. 
R ecent surveys suggest that up to half of the patients with heart failure have a preserved left ventricular ejection fraction (HF-PEF). [1] [2] [3] Patients with HF-PEF are more commonly older women and a greater proportion have hypertensive etiology. 4 -8 Although some reports suggested that mortality in patients with HF-PEF was similar to that observed in HF with low EF, most studies show that survival is better in HF-PEF suggesting that a continuum of risk exists. 1, 5 This condition is also associated with a high rate of rehospitalization. 1, 5 In HF-PEF, identification of factors predicting mortality or morbidity in HF-PEF remains largely unexplored, in contrast to patients with HF and low EF. I-PRESERVE (Irbesartan in Heart Failure with Preserved Ejection Fraction Study) enrolled 4128 patients with HF-PEF. We used this large database to assess the factors associated with outcome in this condition and to quantify their individual power by the development of prognostic models.
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Methods
The I-PRESERVE design and results have been described and reported previously. 9, 10 In brief, patients enrolled in the trial were at least 60 years of age and had HF symptoms and a left ventricular EF of at least 45%. In addition, we required patients who had been hospitalized for HF during the previous 6 months to have current New York Heart Association class II, III, or IV symptoms with corroborative evidence. If they had not been hospitalized, they were required to have ongoing class III or IV symptoms with corroborative evidence.
Exclusion criteria have been detailed previously. Patients were enrolled after informed consent was given at 293 sites in 25 countries.
End points used for the current analysis were (1) the primary composite end point of the trial: all-cause mortality and protocolspecified cardiovascular hospitalizations (HF, myocardial infarction, stroke, and ventricular or atrial arrhythmias); (2) all-cause mortality; and (3) the composite of HF death or hospitalization.
The Minnesota Living with Heart Failure score at baseline was used to assess quality of life (QOL). 11 The plasma level of N-terminal pro-B-type natriuretic peptide (NT-proBNP) was measured at random assignment and analyzed in a central laboratory (Esoterix, Belgium). Values (expressed in pg/mL) were log-transformed.
Statistical Methods
To develop the final predictive models, we started from the entire list of variables collected at the baseline visit in I-PRESERVE and a variable for irbesartan versus placebo, excluding nonrandomized medical therapy. With the remaining list of 58 variables, univariate Cox proportional hazards models were fit individually for each of the 3 outcomes mentioned above. Association of each variable to the outcomes was determined by comparing with an intercept only base model. Any variable that had a 2 probability value Ͻ0.01 in any of the models was considered as a candidate variable for the final models.
The database for analysis included patients with all 58 variables, which narrowed the study cohort from 4128 to 2563 patients. The baseline characteristics of the subjects with full data and subjects with missing data were examined for significant differences (Table  1) . Based on Bonferroni-adjusted probability values, significant differences were noted. Further, examination of the outcomes between the 2 cohorts by log-rank tests showed that those that had missing data had a greater occurrence of primary events and all-cause mortality.
Because there were significant differences between those with full data and those with missing data and the number of subjects with missing data was large, we examined multiple methods of imputation and model building. The methods included (1) building and fitting the model based on the full data cohort, (2) building the model based on the full data cohort and fitting the model after imputation with mean or median was used to fill in the missing data, (3) same as 2 but with a regression based imputation after building the model, and (4) building and fitting the model after a regression based imputation 12 for the missing data. The major difference in method 4 compared with methods 1 to 3 was to impute first and then build the model based on all 4128 subjects. There were some differences in model variables between method 4 and methods 1 to 3. All variables in methods 1 to 3 entered into the method 4 model except for history of myocardial infarction. With increased sample size, because imputation occurred before model building, there was more power to fit more variables in the model. Additional variables that made it into the models based on imputed data were sex, systolic blood pressure, blood urea nitrogen, stroke or transient ischemic attack, pulmonary congestion, body mass index, and atrial fibrillation. Most of these entered after the variables from the methods 1 to 3 were already entered. Each method's model was fit, and Harrell C-statistic 13 for discrimination ability of models with censored data were calculated and compared. There was very little variation in the C-statistics for each model: Primary outcome ranged from 0.711 to 0.717; all-cause mortality, 0.733 to 0.745; and HF composite, 0.765 to 0.777. Because imputation by regression methods is more robust than by mean or median, model-building based on full data does not depend on imputation assumptions, and because the discrimination ability of the different models are similar, we present the model that is built based on the 2563 subjects with full data and then fit this model to the total cohort after regression based imputation to replace the missing baseline values (method 3).
Individually for each outcome, Cox proportional hazards models were developed using a forward-only stepwise process with PϽ0.01 as our threshold for entry into the model. Once the model was built, forward, then backward, processes were run to see whether the same models would be achieved, and they were the same. Final models included the union of the variables that were in at least 1 of the outcome's model. Statistical strength of each variable in the final models was quantified by the change in the log-likelihoods that occurred by fitting a model with each variable individually dropped from the full model. These quantities are 2 values, each with 1 degree of freedom.
␤-Coefficients for each continuous variable and outcome were examined for linearity. This was done by splitting the variable into groups by septiles or by relevant steps and plotting the hazard ratios compared with a reference group on a log scale. Hazard ratios were examined for ease of clinical interpretation. Those variables that showed nonlinearity in the ␤-coefficients were log-transformed accordingly. For some variables in the model, linearity was seen only after certain cut points: QOL Ͼ50 on a 0 to 100 scale, EF Ͻ60%, and estimated glomerular filtration rate (GFR) Ͻ90 mL/min/1.73 m 2 of body surface area using the Modification of Diet in Renal Disease (MDRD) formula. 14 Values in regions where there was no risk nor benefit were truncated to the cut-point, and these were then modeled as continuous variables beyond the cut-point. In the supplemental material, Figure A , B, C, and D show the log scale hazard ratio relationship for EF, log NT-proBNP, estimated GFR, and age as continuous variables for the 3 outcomes. Linearity was established through logarithmic transformations for NT-proBNP and neutrophil count. Binary and categorical variables were modeled with appropriate dummy variables.
Once models were finalized with the full data cohort, the effects of missing data were examined. The majority of missing data was due to QOL and NT-proBNP. Missing data accounted for 601 primary events (364 all-cause mortality and 271 composite HF events) to be left out of analysis. The effect of missing data on the model was examined by imputing the missing data using a nonlinear regression method and then fitting the model to the full cohort of patients. The differences in estimates for each model were marginal, and therefore we decided to include all events. We validated and presented the final models as based on the full cohort with imputed data.
Risk scores were determined for each patient from the final models and split into septiles of risk. A risk score is the linear combination of the values for each risk factor and their corresponding coefficient from the model. For ease in reporting, we multiplied the risk scores by a factor of 10. An Efron bootstrap with 200 resamples was used to examine the model calibration by predicted versus observed rates of event within 3 years by risk score septiles. Kaplan-Meier curves of the septile groups were used to show the ability to correctly separate populations of patients at risk. The models' discrimination abilities were assessed by Harrell C-statistic for models with censored data, 13 and internal validity was examined by average C-statistic from 200 Efron bootstrap resamples. 15 Results Table 1 compares the baseline characteristics of the total cohort, the model-building full data cohort, and the missing data cohort. Based on Bonferroni-adjusted (32 tests) probability values, statistically and clinically significant differences between the full data cohort and missing data cohort were seen for left ventricular hypertrophy, hypertension etiology, and anemia and history of hypertension, angina, percutaneous coronary intervention or coronary artery bypass grafting, and diabetes. Also, log-rank tests between the groups showed significantly higher occurrence of the primary outcome and all-cause mortality in those that needed imputed data. During follow-up of the total cohort, 1505 primary end points Table 2 shows the 10 strongest variables from univariate analysis for the 3 outcomes. For each of the 3 outcomes, the strongest associated factors were log plasma level of NTproBNP, age, renal function assessed either by blood urea nitrogen or by estimated GFR and a history of a HF hospitalization within 6 months before entry.
The rate of event increased progressively with increasing age and log NT-proBNP. In contrast, a different pattern was observed for EF and estimated GFR: For the former, the rate of event increased for EF values below 60% and was constant above 60% for all 3 outcomes, whereas for the latter, the rate increased below 90 mL/min/1.73 m 2 and was constant above 90 for all 3 outcomes (supplemental material: Figure A , B, C, and D). Table 3 shows the final models in descending order of variable strength for each of the 3 modeled outcomes. Log NT-proBNP was the strongest independent factor associated with primary outcome and all-cause mortality and the second strongest for HF composite. Previous HF hospitalization was the strongest factor correlated with the HF composite. Age, diabetes mellitus, heart rate, poor QOL, comorbidities such as chronic obstructive pulmonary disease or impaired renal function, EF, and previous myocardial infarction or ischemic etiology were also identified as associated with poor outcome. Overall, there was consistency across the 3 models as to the most important factors associated with outcome. Figure 1 illustrates the correlative power of the final models: Kaplan-Meier curves for each outcome by septile of the risk scores from the Cox models are shown. For each outcome, patients in the 2 septiles with the higher risk score had a particularly poor outcome. Figure 2 shows model calibrations of the observed and expected 3-year rates of primary outcome, all-cause mortality, and HF composite by septiles of risk. Predicted and observed scores were well in line with only minor deviations from equality in each outcome.
For the 3 outcomes, there was at least a 7-fold increase in event rate for the highest septile of the risk score compared with the lowest septile. The actual 3-year event rate in the highest septile was 59.9% for the primary outcome, 36.5% for all-cause mortality, and 38.9% for the HF composite. By contrast, it was only 8.2%, 2.7%, and 2.1%, respectively, in the lowest septile. The upper cutoffs of the septiles of risk score are shown in Table 4 .
The discrimination ability of the models was robust, with Harrell C-statistics of 0.711 (primary outcome), 0.736 (allcause mortality), and 0.765 (HF composite), respectively. Results from internal validation resampling showed no overinflation of the models' discrimination ability, with averaged C-indices of 0.711, 0.735, and 0.765, respectively.
Discussion
This study identified a set of clinical, demographic, and biological variables that were strongly associated with cardiovascular morbidity, all-cause death, and HF events in a large sample of older patients with HF-PEF enrolled in I-PRESERVE.
Although NT-proBNP was moderately increased in the overall population, a finding in line with other observations, 16 -19 baseline NT-proBNP was the most powerful independent factor for the primary event and all-cause mortality models. This observation has important clinical implications for the identification of high-risk patients with this condition and strongly supports using natriuretic peptides as an inclusion criterion in future studies involving HF-PEF patients.
Age was another powerful factor associated with outcome in our study. Older age has also been reported as a strong prognostic factor in HF patients with low EF 20 -23 and in a clinical trial spanning the full range of left ventricular dysfunction. 24 Because patients enrolled in I-PRESERVE were, by protocol, 60 years of age or older, we were unable to verify if there was a threshold value below which age had little impact, as described in the CHARM program. 24 The presence of diabetes mellitus was also associated with a poor outcome. Although diabetes mellitus has been associated with poor outcome in patients with HF with low EF, 24 -26 a population in which ischemic cardiomyopathy predominates, our finding underlines the importance of this comor- bidity in a population consisting exclusively of HF-PEF with lower overt ischemic heart disease. The presence of a previous hospitalization for HF was associated with a Ͼ2-fold increase in the rate of subsequent HF events as it is in patients with HF with low EF. 24 Our observation confirms that patients with a recent admission for HF, regardless of their EF, are a high-risk group for readmission and a population that should be targeted in designing future trials on HF-PEF.
EF is a known predictor of outcome in HF with low EF. 21, 24 We found that EF was also associated with the primary outcome and all-cause mortality in the I-PRESERVE population, although the relationship was observed only when EF was Ͻ60%. A weaker association was seen for the HF outcome. Our results are similar to those of the CHARM program, although their results found increased morbidity and mortality risk for subjects with an EF Ͻ45%. 24 Heart rate was identified as a factor associated with all-cause mortality and with HF events. The relationship of heart rate to morbidity and mortality has been reported previously [27] [28] [29] [30] [31] in coronary artery disease and in HF with low EF. It has been postulated that increased heart rate is associated with increased oxygen consumption and reduced myocardial oxygen supply resulting in myocardial energy imbalance. Our study suggests that the relationship between heart rate and poor outcome is also present in patients with HF-PEF. BUN indicates blood urea nitrogen; eGFR, estimated GFR (mL/mn/m 2 ); and Hosp, hospitalization. Neutrophil count is measured as 1000 cells/L and albumin as g/dL.
The presence of lung disease was associated with a marked increase in rate of event in the 3 models and particularly in the rate of HF events. This is consistent with previous reports and reflects the complexity of elderly patients with HF-PEF, who often have multiple comorbidities and of their management. [32] [33] [34] Because by study design, severe pulmonary disease was excluded, the impact of this comorbidity on outcome could be even greater in an unselected population of HF-PEF.
Some factors such as renal function and prior myocardial infarction were not as prominent as in other populations.
Renal function assessed by estimated GFR, univariately, was strongly associated with poor outcome, but the 2 value suggests that renal impairment only had a moderate impact multivariately when the other variables were included. The importance of renal dysfunction as a powerful marker of poor outcome has been recognized in several studies or surveys of patients with low EF as well as in HF-PEF patients. 21, 22, [35] [36] The lack of a stronger correlative value observed in the present study may, in part, reflect the exclusion of patients with severe renal impairment or anemia in I-PRESERVE. Also, none of the previous analyses have included NT pro-BNP, which may have altered the strength of renal function as associated with outcome. Log neutrophil count was also correlated to outcome in our 3 models. The association of neutrophil count and outcome has been reported previously in HF with low EF 37 and after myocardial infarction, 38 and increased neutrophil lifespan has been described in this condition. 39 This marker might reflect the deleterious role of chronic inflammation in HF with associated prothrombotic and proatherogenic effects.
Previous models have provided useful prognostic information in HF. Although some of our independent factors are similar to those identified in the CHARM overall population, 24 the CHARM trial included HF patients spanning the full range of EF values, and the prognostic analysis did not include laboratory parameters. The lack of laboratory values is also true for the SEATTLE model, which was constructed in low-EF HF only. 40 Overall, the 3 models developed in the present study show that a limited set of simple clinical, demographic, and biological variables provides important information for the association with all-cause mortality, cardiovascular morbidity, or HF events. These models are based on a large sample of patients with HF-PEF enrolled in I-PRESERVE with documented inclusion criteria and on a long follow-up period. They have been developed out of a large number of events adjudicated by an end point committee based on predefined criteria. Moreover, the consistency of the variables associated with the 3 different outcomes suggests that these models are robust.
The goodness of fit of our models to predict any individual's risk of each outcome was also confirmed by the consistency between predicted and observed rates of events and its internal validity verified by C-statistic values. Simple demographic, clinical, and biological data allow to group patients in very low or very high risk groups. In particular, NT-proBNP, age, previous HF hospitalization, and diabetes mellitus are strongly correlated with outcome and should be carefully taken into consideration when assessing risk in HF-PEF. These factors could also enrich populations to be studied in future trials with HF-PEF.
Limitations
The I-PRESERVE population was studied in the context of a clinical trial with exclusion criteria. This population is therefore selective compared with patients with HF-PEF in clinical practice. In particular, patients with moderate or severe renal dysfunction were excluded from the trial. Also diabetes mellitus was reported by investigators but no specific criterion was used for the diagnosis of this important factor. The study cohort was nearly exclusively White and therefore may not be generalizable to other ethnicities. Further, our model was built based on a subset of the total population albeit a moderate but nonetheless substantial and similar subgroup of 2563 patients for which the full set of baseline variables was available. Moreover, after checking the effect of the missing data by imputation and refitting the models, the effect on the model estimates between the 2 cohorts were marginal and we therefore proceeded to use the entire cohort with imputed data to report our final models. Finally, the prognostic power of our models was not validated in an independent cohort, though it is supported by statistical techniques such as bootstrapping. Further validation should be performed in other populations.
Conclusion
We report models of associations for 3 important prespecified outcomes in elderly patients with HF-PEF included in the I-PRESERVE trial. We have identified a limited set of demographic, clinical, and biological variables that provide important and independent prognostic information and are consistent across the 3 models developed. These models allow the identification of a subgroup of patients at very high risk of events and should be validated in existing data bases and in future trials on HF-PEF.
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